Residue from smoked methamphetamine hydrochloride contains pyrolytic products that are detectable by gas chromatography-mass spectrometry (GC-MS). A validated GC-MS method was developed for the determination of trans-phenylpropene, a pyrolytic product of methamphetamine HCI, in residue of smoked drug as well as in human urine, trans-Phenylpropene and an isomeric internal standard, 2-phenylpropene, were extracted from urine using n-hexane. The method was validated for linearity over a range of 0.1-10 pg/mL with a limit of detection of 0.05 pg/mL, limit of quantification of 0.1 pg/mL, interday accuracy within 10.5%, inlraday accuracy better than 3.7%, interday precision of 15.4%, intraday precision of 14.4%, and recovery of 89.1%. ]he method was applied to the detection of trans-phenylpropene found in the residue of methamphetamine HCI heated beyond its melting temperature on aluminum foil under simulated smoking conditions. The method is applicable to the detection of trans-phenylpropene in urine as a potential marker for smoked methamphetamine HCl abuse.
Introduction
Smoking a drug can produce breakdown products from decomposition during burning or heating. For example, when cocaine in its free base form known as "crack" cocaine is abused by smoking, thermal degradation of cocaine produces methyl ecgonidine (anhydroecgonine methyl ester). Methyl ecgonidine is a marker used to determine whether cocaine has been smoked (1) . In another example, smoking phencyclidine produces 1-phenylcyclohexene as an identified thermal breakdown product (2) .
Smoking the hydrochloride salt of methamphetamine has be-come increasingly popular (3) (4) (5) . A number of pyrolytic products of amphetamines have been identified (6) (7) (8) (9) (10) . Sekine and Nakahara (6, 7) found that methamphetarnine HCI laced tobacco heated in a simulated smoking machine produced phenylpropene isomers, phenylacetone, dimethylamphetamine, N-formy], N-acety], N-propionyl, and N-cyanomethylmetham-
phetamine. One of the products identified was trans-phenylpropene (trans-~-rnethylstyrene). Although the extent of decomposition of methamphetamine HCI to form trans-phenyl-
propene is not known, methamphetamine HCI heated in an aluminum boat in a differential scanning calorimeter produced trans-phenylpropene as the major breakdown product (9) .
Metharnphetamine is converted in the body to numerous metabolites arising from oxidative processes. None of the known rnetabolites of rnethamphetamine form from nonoxidative biotransformation reactions, suggesting that it is highly unlikely that trans-phenylpropene and other phenylpropene isomers are metabolites of methamphetamine.
trans-Phenylpropene was chosen as a potential marker for smoked methamphetamine HCI. The main objective of this study was to identify trans-phenylpropene as a potential marker that can be detected in the residue of smoked methamphetamine HC1. Furthermore, a method of determining if abuse of methamphetamine was by smoking was sought through the developrnent of a validated method for detecting trans-phenylpropene in urine. Cook et al. (11) demonstrated that approximately 73% of a 30-rng smoked dose of rnethamphetamine is ingested as vapor. Additionally, rnethamphetamine concentrations in urine from those who use metharnphetamine by smoking can exceed 300 IJg/mL (12) , indicating that methamphetamine is efficiently absorbed by this route, trans-Phenylpropene in smoke would also be expected to be absorbed and partially eliminated unchanged in urine. As a starting estimate, detection of transphenylpropene at a concentration of 0.1 IJg/mL in urine is likely to provide adequate sensitivity to establish smoking as the route of methamphetamine HC1 administration.
Pyrolysis of methamphetamine HCI
Methamphetamine HCI (2 mg) was placed in a glass melting point capillary tube, and the open end was sealed with a flame. The tube was heated in a melting point apparatus (Thomas Hoover); the temperature was raised to a temperature when volatilization was observable (about 250~ and was maintained at that temperature for 3 min. The major component in the condensed colorless oil droplet in the upper part of the capillary was identified by gas chromatography-mass spectrometry (GC-MS) in comparison with the retention time and spectrum of authentic standard trans-phenytpropene.
Simulated smoking conditions
In a chemical fume hood, methamphetamine HCl smoking was simulated by heating methamphetamine HC1 (5 mg) on a circular piece of aluminum foil from underneath with an open flame from a cigarette lighter until smoke was visible. The residue on the aluminum foil was rinsed with I mL of n-hexane, and the washings centrifuged in a desk top centrifuge at 10,000 rpm for 5 min. Aliquots of the supernatant were directly injected onto the GC-MS column.
Assay development
A standard curve for the measurement of trans-phenylpropene was constructed. Concentrations of trans-phenylpropene (0.10, 0.25, 0.50, 1.0, 5.0, and 10 I~g/mL) were prepared in I mL of blank urine by spiking 100 IJL from stock solutions of trans-phenylpropene (1.0, 2.5, 5.0, 10, 50, and 100 I~g/mL, respectively) in 1-propanol. To further define the standard curve, three concentrations of trans-phenylpropene (0.10, 0.50, and 5.0 lJg/mL) were prepared in 1 mL of blank urine. All urine samples were spiked with internal standard consisting of 50 I~L of 2-phenylpropene (11Jg/mL)in 1-propanol. The samples were mixed on the vortex mixer for 30 s, and then 0.5 mL of n-hexane was added to each sample. The samples were mixed by rocking at 35 rpm for 10 rain and then centrifuged at 1500 rpm for 5 rain. Aliquots of the n-hexane layers were analyzed by GC-MS.
Stability of methamphetamine HCI under GC-MS conditions
Spiked urine samples with methamphetamine HCI (500 I~g/mL) were worked up and then analyzed by GC-MS to determine if trans-phenylpropene was artifactually formed.
GC-MS
An Agilent 6890 series GC system was equipped with an Agilent 5973 Network mass selective detector. An HP-5 capillary column (30 m • 0.25-ram i.d., 0.25-1Jm film thickness) was used for chromatographic analysis. The GC was operated in the splitless mode, and the injector port temperature was held at 250~ Helium carrier gas was held at I mL/min by using pressure control. The initial GC temperature was maintained at 50~ for I rain after a solvent delay (4 rain). The GC temperature was then increased to 150~ at the rate of 20~ over 5 rain then increased at a maximum rate for the GC oven to 250~ and held for 2 min. Quantification of trans-phenylpropene and internal standard, 2-phenylpropene, was accomplished by integrating mass chromatograms at m/z 117 using mass selective ion monitoring, trans-Phenylpropene and 2-phenylpropene share the same mass spectral base peak at m/z 117.
Results and Discussion
Knowledge of the route of administration for abused drugs is helpful in establishing abuse patterns and in assisting with specific case investigations. Our approach to develop a method that indicates route of methamphetamine use involves the development of a quantitative assay for a breakdown product formed during smoking. Methamphetamine HCI decomposes thermally to a number of products that are potential markers (6) (7) (8) (9) (10) . Heating methamphetamine HC1 in a sealed glass capillary past its melting temperature caused the decomposition of methamphetamine HC1 forming trans-phenylpropene. Phenylpropene and internal standard, 2-phenylpropene, have good chromatographic and mass spectrometric properties by
GC-MS (Figure 2). A quantitative method for trans-phenyl-
propene was developed that can be used to support conclusions that methamphetamine HCI was smoked.
A standard calibration curve for trans-phenylpropene is shown in Figure 3 . Linearity was shown for the range of 0.1-10 pg/mL for trans-phenylpropene. A weighted linear regression (weighted by 1/concentration squared) of the concentration versus peak-area ratio (trans-phenylpropene area to internal standard area) was used for the calculation of calibration curves. The correlation coefficient (fi) was monitored for the three calibration curves, and the r 2 values ranged from 0.985 to 0.998 ( Figure 3 ). The interday accuracy for the three standard curves ranged from -1.2% to -10.5%. The precision of all standards for the three runs ranged from 1.81% to 7.67%. Precision was defined as the variability of measurements within replicate samples and is represented by the coefficient of variation expressed as %RSD. Accuracy was defined as the difference between the mean of a set of results and the theoretical value as percent error. Together they establish the quality of the analytical method. For the accuracy and precision experiments, standard curves were prepared with six replicate controls at each concentration. Precision and accuracy of the analytical method were determined by entering the peak-area ratios (trans-phenylpropene area to internal standard area) of standards and replicate control samples into a weighted linear regression equation (1/x 2) and back-calculating concentrations. Intraday accuracy and precision is evaluation of a single accuracy and precision experiment with the six replicate controls at each level. Intraday accuracy ranged from 0.81 to -3.67%. Intraday precision ranged from 2.03 to 14.4%. Interday accuracy and precision was established by preparing three separate accuracy and precision experiments on three separate days and compiling the data. Interday accuracy ranged from 2.66 to -8.63%. Interday precision ranged from 6.92 to 15.4%. One high control value was excluded from the interday summary calculations due to analytical error and is indicated in the summary table (Table I) .
The limit of quantification (LOQ) is defined as the lowest concentration that can be accurately quantified. The proposed LOQ for this assay was 0.1 IJg/mL for trans-phenylpropene. In Figure 2 , the GC peak eluting at 4.68 rain represents the internal standard, 2-phenylpropene, and the analyte eluting at 5.07 min represents trans-phenyIpropene. The LOQ was validated within a single run with six replicates, and over multiple runs occurring on different days for a total of 18 analyses. For the intraday accuracy and precision of the LOQ, the percent error was -3.67% and the %RSD was 14.4%. For the interday accuracy and precision of the LOQ, the percent error was -5.11% and the %RSD was 15.4%. This shows the LOQ can be successfully quantified for trans-phenylpropene at 0.1 pg/mL. Additionally, this concentration of trans-phenylpropene produced a signal-to-noise (S/N) ratio greater than four.
The limit of detection (LOD) was determined by injecting standards below the LOQ to determine if the response of the instrument was linear. The LOD was determined from the expanded linearity experiment to be 0.05 Iag/mL.
Assay specificity was defined as the ability to accurately measure the concentration of an analyte in the presence of all other sample materials. Specificity was determined by evaluating four sources of urine (both male and female) to establish noninterference with trans-phenylpropene, as characterized by their retention times and monitoring ratios of m/z 117. Of the urine sources tested (male and female), no significant baseline interference from urinary components was detected at the retention time of trans-phenylpropene.
Robustness across multiple sources of urine was assessed for extraction efficiency. Four different sources of urine (1 female, 3 male) were spiked at the mid control level in triplicate and compared against a standard curve using an independent urine source. For the robustness experiment in urine, the accuracy of the four sources of urine at the mid control level ranged from -0.07 to -0.11% error. The %RSD of the four different urine sources ranged from 1.99 to 4.01%. These data indicate that accurate measurement of concentration levels can be determined from different urine sources, both male and female (Table II) . Recovery was defined as the analyte response from spiked urine expressed as a percentage of the analyte response from a standard prepared at a concentration representing above 89% recovery. Human urine samples, prepared in replicates of six at concentrations representing the internal standard, LOQ, mid, and high quality controls were processed and analyzed on the GC-MS system. Standard solutions of the trans-phenylpropene and the internal standard 2-phenylpropene were also analyzed within the same run for comparison. The mean absolute recoveries ranged from 89.1 to 93.4% of trans-phenylpropene. The %RSD was less than 9.0% for the trans-phenylpropene analyte. The internal standard mean absolute recovery was 86.6%, and the %RSD was 7.51%. The recovery from the liquid-liquid extraction was shown to be consistent.
Stability To be considered a valid marker, further development of the method would be required. The method should be adapted to determine if samples of illicit methamphetamine hydrochloride are contaminated with trans-phenylpropene during synthesis. In addition, verification that trans-phenylpropene is excreted unchanged in urine after methamphetamine administration by nonsmoking routes is a needed element for marker status.
Conclusions
The pyrolysis product of methamphetamine HC1, transphenylpropene, was identified and quantified by a GC-MS method. Heating methamphetamine HCl under simulated smoking conditions showed the presence of trans-phenylpropene on aluminum foil. The GC-MS method for transphenylpropene was validated over a range expected to be excreted in urine after methamphetamine smoking. The results of the validation experiments demonstrated that the detection of trans-phenyipropene from urine can be achieved using a liquid-liquid extraction with GC-MS detection as low as 0.1 IJg/mL. The method is linear, reproducible, and robust. This analytical method could be useful to indicate abuse of methamphetamine HCI by smoking, and can be used for the detection of trans-phenylpropene on drug paraphernalia.
